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WHAT IS EVOLUTION? 


Extracts From: Luigi Luca Cavalli-Sforza, Genes, People and 
Languages. London: Penguin Books, 2001. 


So evolution by natural selection can, in fact, be particularly rapid for 
genes that impart a significant selective advantage to their bearers. 
Selection for an advantageous form of a gene will usually result in the 
fixation of genes that began at a very low frequency in the population. 
Every evolutionary process begins with a mutation appearing in a single 
individual. Even when a mutation is strongly advantageous and increases 
in number in successive generations, it is represented by only a few 
individuals (usually one) at first. It is therefore subject to drift, which may 
even eliminate a potentially successful mutation. As inheritors become 
more numerous, random extinction becomes unlikely. 

In summary, natural selection is determined by the difference between 
the mortality and/or fecundity of different genetic types (also called 
"genotypes"). Those genes that reduce mortality or increase fertility will 
increase in frequency in subsequent generations. The genotypes that 
increase mortality, especially among the young, or that reduce 
reproductive output tend to disappear from the population. The biological 
adaptation of an individual to the environment in which he lives is 
measured solely by his capacity to survive and to reproduce. The process 
is completely automatic, and the "survival of the fittest," or more 
accurately, the greater representation in future generations of those who 
have better chances of surviving and reproducing (i.e., are genetically 
fitter), is the cornerstone of natural selection. (p.46) ......... 

From a genetic perspective our human future is not terribly 
interesting - our species will probably not evolve much more. In any case, 
it will not evolve as rapidly as it has so far. Cultural development has 
effectively slowed biological evolution. Natural selection, by acting on 
fertility and mortality, has been the greatest evolutionary factor in human 
biology. But progress in medicine has virtually eliminated pre- 
reproductive mortality to such an extent that demographic growth must 
now be sharply curtailed to prevent serious overpopulation. If pre- 
reproductive mortality were reduced to zero, everybody married, and each 
family had two children, there would be no natural selection. Because of 
the large, continuously increasing size of human populations, the other 
cause of evolution, genetic drift, is almost completely frozen. We now 
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consider mutations dangerous, since they involve changes to DNA that are 
on average harmful. Why not stop mutation if it becomes possible to do 
so? Human biological evolution would then stop completely, as long as we 
avoid the mistake of voluntary evolution by artificially modifying genes. 
Fortunately, the likelihood of genetically engineered humans is still almost 
nonexistent, and we do not yet have to worry about some arrogant fool 
attempting to create an "improved race." Naturally, special resolutions, 
such as those governing nuclear weapons technology, will have to be 
implemented to avoid a nightmarish distant future. 

One important genetic change is, however, currently occurring via 
migrations that produce increased mixing of populations. If, as is likely, 
the process continues, genetic differences between groups will diminish. 
But the overall global diversity will not change, and differences between 
individuals of the same population will increase. There will thus be even 
fewer reasons for racism, which is a good thing. 

It is not strictly correct, however, to say that global variation will 
remain unchanged. At the moment, different ethnic groups have different 
reproductive rates. Europeans are largely at a standstill while populations 
in many developing countries are exploding; thus blonds and light-skinned 
people will decline in relative frequency. But even those who do not worry 
about the excessive reproduction of the human species will soon learn that 
the current population boom cannot continue beyond what Earth's 
resources can support. This means that it must stop in a few decades. 

It is clear that the rate of cultural change will continue to increase in 
the future. Communication forms the basis of cultural change, and we are 
currently in the midst of a communications revolution. Where will it take 
us? (pp.205-206) 


MY COMMENTS 


Evolution (“the Theory of Evolution by Natural Selection”, “Neo- 
Darwinism”, etc.) is the only scientifically accepted explanation of how 
the wondrous variety of life forms on this planet came to exist. It has now 
been confirmed over and over again by genetics, biology, geology, 
palaeontology, medicine, biotechnology, and many other sciences. Its 
principles are being used today to create new life forms through genetic 
engineering, and to cure human diseases through genetic medicine. They 
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have also been used throughout human history to breed different varieties 
of domestic plants and animals. 

Evolution is a perfectly clear, rational and logical process, which only 
relies on the workings of simple rules repeated over and over again down 
through the ages to achieve its effects. It is difficult for us, who only live 
for one generation, to see the effects of these simple rules, as they only 
become noticeable after thousands of generations. Over many thousands 
of years the tiny step-by-step repetition of these rules produces dramatic 
differences between different creatures. The following quote from the 
above extract, when associated with the fact that genes occasionally 
mutate, clearly explains how evolution works: 


natural selection is determined by the difference between the mortality 
and/or fecundity of different genetic types (also called "genotypes"). Those 
genes that reduce mortality or increase fertility will increase in frequency 
in subsequent generations. The genotypes that increase mortality, 
especially among the young, or that reduce reproductive output tend to 
disappear from the population. The biological adaptation of an individual 
to the environment in which he lives is measured solely by his capacity to 
survive and to reproduce. The process is completely automatic, and the 
"survival of the fittest," or more accurately, the greater representation in 
future generations of those who have better chances of surviving and 
reproducing (i.e., are genetically fitter), is the cornerstone of natural 
selection. 


The following is a more detailed explanation of how some of the more 
important rules of evolution work. 


1) The cells of the human body, including the reproductive cells, contain 
genetic material made of DNA. This genetic material is an incredibly 
vast and complicated set of instructions on how to make human beings. 

2) Genes create bodies, when some of the instructions they contain are 
triggered inside a fertilised egg. 

3) Genes inside body cells, when triggered by signals from the 
surrounding environment (which includes neighbouring cells and 
systems linked to the outside world), create proteins that influence the 
development, appearance, and behaviour of those bodies during their 
lifetime. 
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4) Genes in different bodies differ, so the bodies they create and influence 
differ, in appearance, abilities, and behaviour. Because of these 
differences some bodies are more able to survive and reproduce than 
others. Genes that create such bodies will always replace genes that 
create bodies less able to survive and reproduce — if a body doesn’t 
survive and reproduce its genes will disappear from the population’s 
gene-pool. 

5) Genes are passed on to a body’s offspring, making those offspring 
similar to their parents. In sexual species such as ourselves, half the 
genes come from our mother and half from our father, so we have some 
characteristics in common with each of our parents. If they had bodies 
and minds that were good at surviving and producing offspring, then we 
are more likely to have them as well, as we have the same genes that 
created their bodies. 

6) Each gene, of the many thousands that produce us, has a small chance 
of changing into a different gene through random physical processes 
(“mutations”). If this happens, the new gene will have different effects 
on the development, appearance, or behaviour of our offspring when 
passed on to them. 

7) Most of these random changes to genes are harmful, so there are 
complicated mechanisms within our cells to weed them out. 
Nevertheless, some still sneak through the filters. Most of these are still 
harmful, or at best neutral, but a small minority produce effects that 
make their resultant bodies better able to survive and reproduce than 
other competing bodies. Because of the higher reproductive ability of 
the bodies that contain these mutant genes, more copies of them are 
passed on to offspring, and they eventually become the most common 
genes. The slightly changed bodies they produce also become the most 
common bodies - eventually they replace the less capable alternatives. 
The repetition of this process over many thousands of generations - a 
small change of a small change of a small change - eventually results in 
a large change, to the genes and to the bodies that they build. This is 
the essence of evolution. 

8) Because we are a sexual species, the future of the 50% of our own 
genes that we pass on to our offspring depends to a large extent on the 
quality of the other 50% of their genes they get from our sexual partner. 
Genes that produce bodies with the ability to discern which potential 
mates have the best genes (genes which will help to produce offspring 
with bodies that can survive and reproduce better than other bodies) will 
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be more likely to be passed on to future generations. The chances of one 

of our genes being passed on to future generations improves relative to 

different variations of that gene in other bodies if it helps to produce a 

body that: 

a) can survive to reproductive age better in its environment than other 
bodies (the “environment” includes the physical environment, the 
social or cultural environment, predators, prey, food, parasites, 
diseases, and other humans competing to survive and attract a mate); 

b) looks and behaves in such a way that it attracts more sexual partners 
willing to contribute 50% of their genes in order to produce 
offspring; (The best way to attract a sexual partner is to prove, 
beyond doubt, that you have better genes than your competitors. The 
best way to do this is to look fit and well proportioned, and/or to 
display those courtship behaviours that the genes in the opposite sex 
have found, through evolutionary trial and error, are good at 
revealing the quality of your genes. These are usually very 
complicated and interesting abilities, or very costly displays of 
physical and mental prowess, or status and wealth, that require good 
bodies and minds, and therefore good genes, to achieve.) 

can better determine which sexual partners to mate with by being 

better at discerning those with the best genes, based on their 

appearance and behaviour (see b) above); (This is most important 
where the cost of producing offspring is high, which is more the 
case for women than for men. However, men must still be able to 
discern the best mate for long-term commitment, that is, where there 
is an either/or mating decision to be made, rather than producing 
offspring with all comers, which men can do but women can’t.); 

d) can better ensure that as many of its offspring as possible also fulfil 

conditions a) to c) above. 

9) There are no pre-determined rules about how creatures should look or 
behave in order to show that they have good genes (as per 8b). As long 
as those with good genes can show or do whatever is required better 
than those with bad genes, any sort of random variation in appearance 
or behaviour can become common because it is more favourably looked 
upon by potential mates. This is how many animals may have ended up 
with “useless” (in a survival sense) ornaments — the peacock’s tail, the 
bird of paradise’s feathers, the whale’s haunting song, the male gorilla’s 
large body and aggressive display. They all say, “Look how much 
effort and energy I’m wasting on all this, and how amazing it is! If my 
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genes hadn’t been good enough to produce such an excellent body and 
mind I would be as bad as HIM — what a loser!” (Humanity’s higher 
mental faculties may also have begun in this way. Those who could 
perform more fascinating and entertaining intellectual and artistic 
pursuits, express more complex and interesting ideas and feelings 
through language, or show a more nuanced and sincere concern and 
empathy for their fellows, may have needed better genes to do well at 
these feats. Those of the opposite sex who could see this relationship 
between good performance and good genes would have been more 
likely to pick mates with the best genes, thus ensuring that both their in- 
built preference for these skills, and their chosen mate’s ability to 
produce them to a high standard, were passed on and enhanced in future 
generations.) 

10) Some of these fitness displays may have been refined through our 
long association with parasites. The complex behaviours and elaborate 
ornaments used in these displays may have been particularly susceptible 
to damage by parasites. Those who displayed well despite this 
susceptibility would have clearly demonstrated their genetic resistance 
to parasites, which would have been highly desirable for future 
generations, and therefore also highly desired by potential mates. 

11) A “positive feedback loop” can occur between genes that create 
bodies that are good at displaying genetic fitness, and genes that create 
bodies that are good at discriminating which displays are the best 
indicators of genetic fitness. In each generation the most discriminating 
and the best displayers will match up and pass on the best genes to the 
next generation. The bodies those genes create will be more likely to 
survive and reproduce than bodies created by less capable displayers 
and discerners (whose offspring’s genes, bodies, and consequent 
survival and reproductive ability will not be as good). Over the 
generations the good displayers and discerners will gradually replace 
the bad. Mutations that make displays ever more elaborate and costly 
will also gradually accumulate over the generations, as they will 
produce more accurate indicators of genetic fitness - only the best 
bodies and minds, created by the best genes, will be able to produce 
them. Mutations will also gradually make discrimination more acute 
and discerning, as bodies possessing such discrimination will find the 
best mates and produce offspring that have best chance of surviving and 
reproducing. 
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12) Abilities which are “useless” in terms of survival can be favoured by 
mates simply because they indicate good genes. After they develop for 
some time through mate choice, however, these same abilities can 
coincidentally become useful again in manipulating or dealing with the 
world, and then be further directed by the battle for pure physical 
survival via “natural selection” (as per 8a above). This is a powerful 
generator of novelty in evolution. All sorts of elaborate physical, 
mental and behavioural characteristics can be explored, even though 
they have huge costs and no direct survival value, simply because they 
accurately advertise gene quality to potential mates. Through chance, a 
few of these expensive investments in what are essentially aimless 
experiments with the design of bodies and minds may eventually 
produce unforeseen abilities that aid in survival, and then be further 
selected and developed for this new useful function via direct natural 
selection. (as per 8a). (This may have been the case with the human 
mind — it may have begun as a “fitness indicator” advertising good 
genes, eventually becoming the most powerful survival tool the world 
has ever seen.) 

13) There are genetically determined faculties within us (and other 
creatures) that make us “feel good” about what “does us good”, what 
helps our body survive and reproduce to propagate our genes. That’s 
why we like good food, and the associated colours and smells that 
indicate that edible food is at hand, and hate tastes and smells that 
identify toxic or spoiled food. That’s why we like sex, and the physical 
activities and pastimes associated with or leading up to sex, and feel 
despondent and “frustrated” when deprived of these things. The things 
about us that display our genetic fitness to the opposite sex, and that 
therefore help ensure the propagation of the genes that produce them, 
also produce such sensory pleasures. All we have to do is tickle our 
opposite number’s “pleasure centre” by our performance, skill, or 
appearance in order for her to know that we have good genes. All she 
has to do is feel good “inside” in our company, and the rest is taken care 
of behind the scenes - we have the right stuff, and she knows it (or our 
genes have the right stuff, and her genes “know” it). The things that 
produce this burst of pleasure at displays that advertise good genes 
change over generations, as the genes and the bodies they produce 
change - our distant grandparents felt pleasure and enjoyment in the 
company of grunting, hairy, smelly, ape-like partners; our tastes have 
changed (in most cases). 
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14) A small group isolated from a larger parent group may, purely by 
chance, have an atypical distribution of the different genotypes found in 
the parent group. While this small group remains isolated these gene 
frequencies may “drift” in a random way until the small group achieves 
a homogenous genetic makeup, which may be entirely different to that 
in the original parent population. With further evolution the two groups 
may then diverge even more. If contact is restored and speciation has 
not occurred, the inter-mixing of the two groups may introduce totally 
novel genes back into the original population, leading to sudden spurts 
in evolution. This “genetic drift’ may also occur in a large population 
without a smaller separate group splitting off from it, if the original 
large population hits some devastating demographic disaster where 
most of the population dies. Just like a small splinter group, the small 
number of survivors may have a distribution of genotypes completely 
unlike that of the original population, a distribution determined purely 
by chance, and they may similarly drift into a completely new genetic 
landscape in future generations. 


These are some of the rules of evolution. The repetition of these rules, 
acting on their own products over and over again, over billions of years 
and many, many billions of generations, have produced all the life forms 
on the planet. The stunning variety and beauty of the creatures of this 
world (most of the beauty, by the way, specifically designed to “show off” 
genes and attract mates), shows how a simple process, turned back on 
itself indefinitely, can achieve astounding results. This is exactly the same 
sort of process through which a single penny, invested at compound 
interest (no matter how small the interest rate), will eventually turn into a 
billionaire’s fortune, given a sufficient amount of time. The world of 
several billion years ago was the penny. Now we are surrounded by the 
fruits of billions of years of compound evolution acting on that penny - a 
world teeming with millions of exotic and luxurious life forms that no 
billionaire will ever be able to replace. 
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